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In this paper, therefore, an extension of the lifting line theory is described which is based upon the argument that in the vicinity of the vortex the flow pattern will be more like that on a low aspect ratio wing, while still retaining the characteristics of high aspect ratio well away from the vortex. Spanwise circulation distributions are given for a blade of aspect ratio 20 for vortex distances from the blade varying between chord and one-tenth chord. The results of lifting line and modified lifting theory are compared and it is found that, except when the vortex is very close to the blade, there is little to choose between the results. When the vortex is very close to the blade, the modified theory predicts appreciably smaller circulation and a less peaky spanv.ise distribution near to the vortex, but no fundamental changes are found and it is thought unlikely that a more sophisticated lifting surface theory will lead to any significant changes in the results. Some suggestions are made as to the proper procedure for developing a lifting surface theory. This report is an account of some studies which have been made of the effect of an infinite straight vortex on a wing or rotor blade of finite span. The purpose of the investigations was to extend some earlier work by Scully who had found that the vorticity trailed from a blade as a result of the interference helps to smooth out peaks in the spanwise loading distribution. Scully also showed that the influence of these trailing vortices can be accounted for empirically by placing the vortex at a fictitious distance, greater than the true distance, from the blade. The main reason for doing further work in this area is that the lift distributions calculated on the basis of lifting line theory show a very rapid change in lift coefficient in the vicinity of the vortex. These changes are rapid enough to throw doubt on the validity of the 2 lifting line theory in these regions and it has been suggested that some form of lifting surface theory should be used to obtain a more reliable result.
In principle two approaches to a lifting surface solution are available. There is the "vortex lattice" which replaces the blade by a lattice of discrete bound and trailing vortices and the wake by discrete trailing vortices only. The strengths of the bound vortices are unknown and are determined approximately by imposing the condition that the resultant flow induced by the vortex lattice and the interfering vortex shall be tangential to the blade surface at a number of control points, The alternative approach is the "acceleration potential" or "kernel function" method in which the wing is replaced by a continuous distribution of doublets, whose strength once again is determined by satisfying the tangential flow condition at a number of control points. These two techniques require far greater skill and insight, and a much larger scale of computation, than the lifting line theory and it was anticipated that the development time of either method would be long. In the case of the vortex lattice method, no actual machine program was available so that the work would have had to start from scratch. A program was available for the kernel function technique, but all the experience with this was on wings of low aspect ratio and it would have been necessary to build up a feel for this new problem. It was, therefore, decided to try to devise some alternative form of approximate theory which would permit a quick comparison of the lifting line and lifting surface theories and at the same time form a basis for the understanding of the more complete results when they become available. The arguments used to arrive at this theory and the principal conclusions derived from it are set out below.
II. STATEMENT OF THE PROBLEM
Consider (Figure 1 ) an infinite straight vortex which is bflow and at right angles to an otherwise unloaded thin rectangular blade of large aspect ratio. This is the sort of situation which arises whenever a "rectangularized wake" approximation is used in the calculation of rotor blade air loading. Then the vortex induces a velocity at the blade which is skew-symmetric about the projection of the vortex on the blade but which is uniform across the chord. A typical such distribution is marked A in Figure 1 . The peak and its location depend only on the vertical distance of the vortex from the blade.
But this "induced incidence" will produce a circulation which is positive on the upwash side and negative on the downwash side. Since the incidence distribution is not uniform a trailing vortex sheet will form and the trailing vorticity will be of opposite "hand" on either side of the infinite vortex. The broad picture is then one of two horseshow trailing vortex systems, one springinq from each half of the blade (Figure 2 ). These trailing horseshoes reduce the induced incidence on the upwash side and increase it (make it more positive) on the downwash side, i.e. they alleviate the influence of the isolated vortex so that the true incidence, and, therefore, circulation, distribution is very like that sketched as curve B in Figure 1 . Thus the trailing system is not a pair of simple horseshoes, but is made up of trailing vortex sheets which are very dense in the vicinity of the vortex and then reverse their direction of rotation and become quite diffuse outboard of the true circulation peak.
Outboard of this peak, therefore, the incidence varies only slowly and if the aspect ratio is large enough there will be no problem about using lifting line theory in these regions. Take as origin 0 one trailing edge tip of the blade and let V be the spanwise coordinate, X the chordwise coordinate.
We shall assume at this stage that the distribution of vorticity over the wing and wake can be represented by a distribution of horseshoe vortices, each of finite span. This span may be a function of V and the vortex strength «^ C^V/ will be a function of X and V . We now chose to assume that the vorticity distribution is continuous across the chord but discontinuous in the spanwise direction. We could, of course, also assume finite chordwise-steps in the bound vorticity so that the wing surface is replaced by a vortex lattice but this is not quite so convenient to our discussion.
Then due to the element of bound vorticity at QC^/H) the induced velocity at PvX*-V m ) measured positive This assumption gives C We now make the further assumption that (3) holds all over the wing. This is obviously not true in the vicinity of the vortex where chordwise integral of the bound vorticity is varying rapidly in a spanwise direction but, it has been argued, the net induced effects of the bound vorticity are very small in that region. Therefore, even if we make a substantial error in the representation of the bound vorticity the error in the final solution will not be significant. This assumption, and equations (1) and (3) are more formal statements of the effects of bound vorticity which were discussed diagrammatically in the previous section. Identical assumptions are made in the conventional lifting line theory and this procedure is consistent with our argument that in the present circumstances it is only the additional effects of trailing vorticity that are important. But it will be noticed that the assumption (3) still allows a chordwise variation in the bound vorticity and, as later discussion will show, it is possible that we shall have to make use of this freedom at some stage.
We turn now to the evaluation of the induced effects of all the trailing vortices. Summing over the blade
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The integration with respect to K is, of course, necessary because trailing vorticity at a spanwise position VL "accumulates" across the chovd.
We notice first of all that those parts of the wing 
Equation (7) is a standard result used in the theory of wings of very low aspect ratio, i.e. for those wings or parts of wings where the predominant component of vorticity is chordwise. Now this is the case close to the infinite vortex so that moving outwards from the vortex conditions must change from something like those on a low aspect ratio wing to those on a high aspect ratio wing.
This suggests that the blade-vortex problem might be solved approximately by imposing a plausible variation from low to high aspect ratio theory as the point Pv^w. jrv») moves away from the infinite vortex. This, of course, is not a new idea; it is a standard procedure in some of those ap-3 proximate lifting surface theories which deal with the flow in the vicinity of a wing tip. But if this approach is used exactly how is the transition from low to high aspect ratio to be accomplished?
We proceed in the following way. In equation (4) Scully's idea of a fictitious height seems to be quite valid.
If the lifting line theory is used the reduction in peak height is about 60% of the primitive value for a vortex distance of one chord and this attenuation increases with decrease of vortex distance until the peak is about 35% of the primitive for a distance of one quarter chord (Figure 12 ) . It will, however, be appreciated that this does not mean that the actual peak circulation falls to zero as the vortex approaches the blade. In The difference between the results of the two theories are accentuated by a reduction in aspect ratio. Figure 11 shows that for an aspect ratio of 6 the spanwise loading curves are not so peaky as for an aspect ratiocf 20 and the actual peaks are slightly reduced. Although the curves predicted by the two theories appear to remain much farther apart than for the high aspect ratio, this is only because the distance from the vortex to the tip is much shorter in the low aspect ratio blade. In any case not too much significance should be attached to this since both the methods are inaccurate near the tip. Once again, it is found that B is not a significant parameter. 
